Abstract: Blooms of toxic and harmful microalgae, known as "red tides", represent a significant and tremendous threat to human health and fisheries resources throughout the Southeast Asia region and the world. A harmful microalga which produces secondary metabolite known as saxitoxin (STX) is a neurotoxin produced by a variety of genera of dinoflagellates. The ingestion of this toxin through contaminated shellfish will inhibit the neuron depolarizations and action potentials which result in respiratory failure in human and known as PSP (paralytic shellfish poisoning). PSP takes effect as soon as five minutes depending on the species and the concentration consumed. Currently, the identification of dinoflagellates cells is done by taxonomy, which is based on a broad expertise of specially trained staff, expensive equipment like electron microscopes and is very time consuming. In many countries, for the toxin monitoring, they use mouse bio-assay which is bulky, expensive, loss of animal life and high variability and higher limit of detection (40 µg per 100 g meat) and HPLC methods required many pre-treatment steps for the analysis. Therefore, in order to overcome this problem, development of early detection of harmful algae bloom and bio-toxin in aquatic ecosystem is needed. The detection is based on screen-printed carbon working electrode with onboard carbon counter and silver-silver chloride pseudo-reference electrode. A direct ELISA (enzyme-linked immunosorbent assay) format was developed and optimized on the surface of a carbon screen-printed working electrode by immobilizing the capture antibody using electro-deposition of gold nanoparticles conjugated with polyclonal anti-toxin antibodies. The detection reagent, toxin-HRP (horseradish peroxidase) conjugate was used as an enzyme label. Electrochemical detection was then carried out using 3,3',5,5'-tetramethylbenzidine dihydrochloride (TMB)/H 2 O 2 as the enzyme mediator/substrate system and conducted using chronoamperometry at 100 mV vs. onboard screen-printed Ag-AgCl pseudo-reference electrode. The minimum detection limits for harmful micro algae about 1 cell per mL. The immunosensor is very selective which is able to detect Alexandrium minitum with 100% selectivity and minimal cross reaction with others nontoxic algae (< 2%).
Introduction
 HABs (harmful algal blooms) have become a significant threat to fisheries, aquaculture industries, tourism, public health and worldwide economies. In the case of long run effect on the massive blooms can cause human food poisoning by accumulating of algal-origin toxins in filter-feeding shellfish. The economic impact of harmful algae is increasing sharply than in the past due to the drastic increase of determined by indirect ELISA method.
Preparation of Conjugated Gold Nano-Particles with Antibody and Horseradish Peroxidase Enzyme
Gold nano-particles with average diameter of approximately 20 nm were purchased from BBInternational, Cardiff, UK. The colloidal gold solution was stored in a dark bottle at 4 °C and used directly without any pre-treatment. The particle size of colloidal gold was ~20 ± 3.2 nm and the number of particles is ~7  10 11 particles per mL. The UV-vis spectrometer showed an absorption peak at 525 nm. The antibody-colloid gold conjugate was prepared according to the procedure described by Chen et al. [5] . The antibody-colloidal gold conjugate was prepared by adding 100 µL of anti-tetracycline antibody (1.0 mg·mL -1 ) to 1.0 mL of pH-adjusted colloidal gold solution (pH 9.0), followed by slow shaking for one hour at room temperature. This allowed the antibody to adsorb onto the gold nanoparticles through a combination of ionic and hydrophobic interactions. Then, 100 µL of 10% BSA solution was added to the gold-antibody mixture and left for further 30 minutes at room temperature. The mixture was then centrifuged at 9,000 rpm for 30 minutes. The supernatant solution was then discarded and the soft sediment of immuno-gold was dissolved in 100 µL of 1% BSA solution and stored at 4 °C until used. The BSA was used to stabilize the immuno-gold colloid and minimize the non-specific adsorption during the assays and also to block the unoccupied site of the gold surface. The amount of antibody bound per nano-particle was then calculated based on protein assay results achieved from analysing the supernatant for unbound proteins using Bradford protein assay of Sigma, UK.
Screen-Printed Carbon Electrode Fabrication and Electrochemical Assays
SPCEs (screen-printed carbon electrodes) consisting of carbon working electrode, carbon counter electrode and silver-silver chloride pseudo-reference electrode were fabricated by Screen Print Technology Sdn Bhd. Sungai Petani, Malaysia. The SPCE used in this work consisted of a carbon working electrode with a 5 mm diameter giving a 19.6 mm 2 planar area. All electrodes were then tested using a multimeter before use. The sensor edge connector was purchased from DropSense Ltd. UK through MetrohmSdnBhd, its product distributor is in Malaysia. Electrochemical measurements were carried out by placing a 50 μL solution onto the electrode, covering the 3-electrode area. Each measurement was carried out in triplicates using a new strip in a non-deaerated and unstirred solution. Measurements were performed using the Autolab Type II (Eco Chemie, The Netherlands) with NOVA 1.6 software. Cyclic voltammetric measurements were carried out by scanning at 50 mV s-1 between -1.0 and 1.0 V relative to Ag/AgCl reference electrode. Stock solutions of 50 mM potassium ferrocyanide were prepared in 0.1 M KCl. For the selection of optimal potential for TMB-H 2 O 2 -HRP system, chrono-amperometry was conducted similar to that reported previously [6] .
Immunosensor Development
The carbon surface of the screen-printed electrode was directly used for the electro-deposition of polypyrrole-antibody-nano gold treatment. The freshly cleaned carbon was then covered with a 75 mM solution of polypyrrole plus antibody-nano gold and kept unstirred at room temperature. Chronoamperometry measurements were carried out by setting 1.0 V fix potential for 20 minutes onboard screen-printed Ag-AgCl pseudo-reference electrode. The antibody-nano gold coated electrode was then washed with 0.1 M phosphate buffer to remove the excess of unbound antibody-nano gold. 
Conclusion
One of the advantages of this immunosensor can be packed with customized portable digital reader and bio-reagent for easy use and handling. Another advantage of the present invention provides detection for the presence of toxic microalgae before HAB occurred and its toxin molecules in various fluids or solid food. A great advantage of direct detection of bio-toxin and toxic microalgae using antibody-nanogold-polymer electrode is direct sample application with minimal sample preparation/extraction. This is opposed to other bio-toxin and toxic microalgae determinations using established instrumentation (HPLC/LC-MS/Microscope) and mouse bioassay. In addition, the device components in the apparatus of the present invention are more robust than those used for example in optical measurements, facilitating the manufacture of the low cost reusable meter for use with disposable test devices. Further, the present invention can provide for very rapid test times.
